A decline in response rates in traditional household surveys, combined with increased internet coverage and decreased research budgets, has resulted in increased attractiveness of web survey research designs based on purposive and voluntary opt-in sampling strategies. In the study of hidden or stigmatised behaviours, such as cannabis use, web survey methods are increasingly common. However, opt-in web surveys are often heavily criticised due to their lack of sampling frame and unknown representativeness. In this article, we outline the current state of the debate about the relevance of pursuing representativeness, the state of probability sampling methods, and the utility of non-probability, web survey methods especially for accessing hidden or minority populations. Our article has two aims: (1) to present a comprehensive description of the methodology we use at Global Drug Survey (GDS), an annual cross-sectional web survey and (2) to compare the age and sex distributions of cannabis users who voluntarily completed (a) a household survey or (b) a large web-based purposive survey (GDS), across three countries: Australia, the United States, and Switzerland. We find that within each set of country comparisons, the demographic distributions among recent cannabis users are broadly similar, demonstrating that the age and sex distributions of those who volunteer to be surveyed are not vastly different between these non-probability and probability methods. We conclude that opt-in web surveys of hard-to-reach populations are an efficient way of gaining in-depth understanding of stigmatised behaviours and are appropriate, as long as they are not used to estimate drug use prevalence of the general population.
Introduction [ J]ust because a survey is based on a probability sample, does not mean it is a valid and reliable reflection of the population it purports to measure. In the same way, just because a survey is based on self-selected methods does not automatically disqualify it from attention or invalidate its findings. (American Association for Public Opinion
Research taskforce on non-probability sampling 1(p13) ) Research surveys that do not adopt probability-based sampling frames have generally been considered inherently inferior to surveys that adopt probability sampling frames. [1] [2] [3] Our research group conducts the world's largest web survey on drug use, the Global Drug Survey (GDS). The GDS data are drawn from a population of self-selected respondents and, to date, despite the fact that the sampling is not probability based, our papers have been published in a variety of high-impact journals. [4] [5] [6] [7] [8] Nonetheless, during the submission process, some GDS manuscripts have been rejected due to concerns about the lack of a probability-based sampling frame. Indeed, some journals in our field, anecdotally, do not send papers out to review if they are based on survey data derived from purposive samples.
In this article, we aim to address the assumptions about sample representativeness that may underlie some of these rejections, thereby better explaining and justifying the methodology we use at GDS. We concur with others 2,9-13 in arguing that sample representativeness is typically only necessary when answering research questions about population prevalence estimates. When the research has other aims, including measuring relationships between variables 14 or in-depth profiling of subpopulations, the use of probability-based sampling frameworks is often inefficient, may be unnecessary or even better avoided. 2, 10 Furthermore, the 'gold standard' household survey is more like 'tarnished gold' 15 when response rates and volunteer bias still affect what data are obtained. 16, 17 In this article, we use predicted probability models to compare age and sexrelated probabilities of self-reported cannabis use between
Sampling People Who Use Drugs
In the area of substance use research, it can be time-consuming, incredibly costly, and sometimes impossible to access people who report engaging in stigmatised behaviours through representative sampling frames. 18 Probability sampling methods are limited in many regards. Non-response bias limits the representativeness of household surveys. Landline telephone use is declining and biased against the younger and more transient populations one wishes to target in much substance use research. Even when recruiting via mobile phones, several biases will occur; for example, geographic inaccuracies in sampling frames are more common when using mobile phone numbers, 19 mobile phone users are less likely to expect or respond to research requests, 20 and cannabis and tobacco use are more commonly reported through mobile phone sampling frames compared with landline samples. 21 People are generally less likely to report illicit drug use on the phone when compared with anonymous web surveys. In addition, probability methods are particularly expensive when researchers are targeting rare practices for in-depth analysis. 22 The changing context of survey research 23 and the growth of internet access have prompted greater use of purposive sampling of otherwise hardto-reach populations via web surveys and internet recruitment. 24, 25 Many studies of drug-using populations now use internet recruitment and/or survey methods with purposive sampling. 25, 26 Some well-documented advantages of conducting surveys of hidden populations online include the following: large and geographically and linguistically diverse samples can be obtained relatively easily, responses can be gathered more rapidly, costs and other resource demands are relatively low, transcription and data entry are automated, and flexibility and convenience are enhanced for both respondents and researchers. [27] [28] [29] Because opt-in web surveys are increasingly popular for accessing hidden populations of people who use drugs, it is important that researchers in our field 'take off the blindfold' 22 and work with, rather than against, web samples.
What Is Representativeness Good For?
There have been lively debates in the field of epidemiology regarding the pursuit of sample representativeness, with some concluding that sample representativeness is only required where population prevalence estimates are sought, and should even be actively avoided where other research questions are primary. 2, 11 But what is representativeness? In a series of papers published in 1979 to 1980, [30] [31] [32] [33] Kruskal and Mosteller provide an account of the various meanings of the term 'representative sampling'. They describe six categories of meaning in the nonscientific and non-statistical scientific literature, including '(1) general acclaim for data, (2) absence of selective forces, (3) miniature of the population, (4) typical or ideal case(s), coverage of the population, and (6) vague term, to be made precise'. 32(p244) When examining the statistical literature specifically, they found the above meanings plus three additional categories, including (7) 'representative sampling as a specific sampling method, (8) representative sampling as permitting good estimation, (9) representative sampling as good enough for a particular purpose'. 32(p244) Kruskal and Mosteller's account of the meanings and histories of the idea of 'representativeness' in sampling demonstrates that the seeming blind faith in a particular idea of representative sampling, and its status as an ideal, is not a given. Even if the ideal statistical sampling model is followed, there are long-standing concerns about its assumptions and logic. For example, classic statistical theory states that representativeness must be achieved on each variable measured in the research, not just for a few choice demographics, such as age and sex. 34 In practice, a household survey with 100 variables will only create weights on variables that can be matched to population distributions. It seems almost impossible to actually follow the classical statistical model for conducting a probability sampling design in the social sciences.
So, does this matter? It depends on the kinds of inference we wish to make from our research. Pasek explores the utility of non-probability samples in answering three types of questions: (1) How are variables distributed in society? (2) How are variables related to one another? and (3) How do variables change over time? 14 Keiding and Louis 15 write about the 'perils and potentials of self-selected entry to epidemiological studies and surveys' in an article which elicited a wide-ranging debate among epidemiologists and statisticians on the issue of the utility of opt-in sampling. In both publications, we can see that there is greater support for deriving inferences from non-probability samples for questions of the relationships between variables and trends in variables over time, under particular conditions. In contrast, the use of non-probability sampling methods for point estimation is usually considered inappropriate, although there are a number of statistical and modelling methods applicable only to some kind of non-probability sampling methods that may be used for prevalence estimation, for example, in the case of respondent driven sampling. 35, 36 Prevalence estimates are important. For example, they are used to direct investment into service delivery and to estimate the size and distribution of a particular problem in the wider population. But just knowing the prevalence of a particular behaviour in a population tells us very little about the patterns and practices of that behaviour and its health impact among large cohorts of affected populations. Understanding these patterns and practices of behaviour is equally important when trying to inform public health responses. The GDS is a response to this very need in relation to drug use.
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Aims of This Article
Our article has two aims: (1) to present a comprehensive account of the history, orientation, and methodology we use at GDS and (2) to compare the age and sex distributions of cannabis users who voluntarily completed (a) a household survey or (b) a large web-based purposive survey (GDS), across three countries: Australia, the United States, and Switzerland. These two aims are addressed in two parts below, with the discussion and conclusion bringing them together.
Part 1 -Global Drug Survey
Global Drug Survey runs the largest annual anonymous web survey of people who use licit and/or illicit psychoactive drugs. Global Drug Survey partners with global media organisations who help promote the survey and share the findings with their readers usually four to six months after closure of the survey each year. Global Drug Survey uses a cross-sectional design. Data have been collected annually for the past six years (see Table 1 ). Prior to the launch of GDS2012, the previous annual surveys led by Adam Winstock were targeted only at UK audience, supported by the UK clubbing magazine Mixmag and the UK news organisation The Guardian. (The GDS naming convention refers to the year that the findings were released, not the year that the survey began data collection. That is, GDS2012 data were collected in late 2011 and released in mid-2012.) These Mixmag surveys had been annually conducted between 1999 and 2004. They were originally distributed in print as part of the Mixmag magazine and later also available as a web survey targeted at the Mixmag reading population through their sister web site 'Don't stay in'. This survey was relaunched after a fiveyear hiatus in 2009 and formally became known as the GDS in 2011. The most recent surveys have been approved by human research ethics committees at Kings College London (and the University of Zurich in 2014).
Orientation and business model
The Mixmag surveys, and later, the GDS surveys, adopted a specific orientation towards the target population, with a focus on non-treatment-seeking drug users and an emphasis on curating information that was useful to those who used drugs. Although the Mixmag era specifically targeted participants in the nightlife economy, the population targets were broadened to include anyone with a drug use history (including legal drugs) as the GDS widened its scope of media partners and increased its reach. (Including to populations who inject drugs through partnership with the International Network of People Who Use Drugs (INPUD) in 2015 and 2016.) Nevertheless, the philosophy of engagement remained stable -we make clear to potential participants that we are independent of government, self-funded, and do not assume that all drug use is harmful. Instead, we acknowledge drug-related pleasure and assume that most people who use drugs are interested in reducing their risk of drug-related harm. Also, we engage in honest conversations about drugs through our research, web site, and harm reduction tools. Our main goal in conducting the GDS is to make drug use safer, regardless of the legal status of the drug. 37 The approach to engagement includes a casual voice, humour, and above all, a statement about the orientation of our survey: that we are not beholden to funding bodies (government or otherwise) that often skew research towards examining the harms and ignoring the benefits of drug use, that we share our findings rapidly with the broader communities in accessible ways (eg, media stories and opinion pieces, not just academic articles). Perhaps, most importantly, we accept that the most credible source of drug information for people who use drugs are not doctors, academics, or government authorities but other people who use drugs. For GDS, the participants are viewed as the experts and we invite them to share their expertise with us. In return, we are offering community benefits, including free access to digital harm reduction tools, including the Highway Code, Safer Use Limits, Drinks Meter, and Drugs Meter (see https://www.globaldrugsurvey.com/free-online-resources/) and regular public engagement into pertinent debates around drug policy reforms. However, no financial incentives are provided for participation. For example, Box 1 shows the call for participation in GDS2014. This text emphasised that participants can contribute to changing the inaccurate and incomplete stereotypes that often pervade public discourse around illicit drugs.
As mentioned above, as part of our efforts to engage people who use drugs (who may be suspicious of the motives of researchers), we draw on our business model to convince them of our independence. The business model we use is unusual in the academic world. Typically, research projects are funded through competitive grants, tenders, or consultancies with government or corporate entities. Research proposals are submitted, assessed, and a selection of them are funded. Research begins once the funding is received. There are three problems with the existing funding model. First, it is typically relatively slow, with lag times of months to years between submitting a project application and the commencement of funding. This lag greatly impedes rapid research and the identification of new trends. Second, project ideas must be written to match the predispositions of the funding bodies. Third, reviewers are typically established in their fields and may not welcome orientations that do not necessarily coincide with the traditional worldview held. The GDS business model works in reverse to the usual funding model. The GDS operates without core funding. It can do this because of initial seed funding from Dr Adam Winstock who owns GDS and the mutual benefit to academic researchers who volunteer their expertise and time to the survey operation in exchange for access to the data, from which they can publish academic papers -an activity which is supported by their university and is essential to their success as researchers. Global Drug Survey is also able to do this because This total excludes respondents aged more than 80 years and respondents who did not nominate either male or female sex.
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of the relatively low cost of running web surveys. Although some media partners agree to promote the survey freely in the recruitment stage in exchange for exclusive stories in the dissemination stage, many media partners are willing to compensate GDS for the privilege of access to tailored news stories. It should be noted that none of the media partners have influence over the content of the survey, and we also have no control over what our media partners choose to present. Although GDS has developed a number of free digital harm reduction tools which are available on its web site, it also receives payment from government entities and companies that use its harm reduction tools in clinical applications such as delivering brief screening and intervention for alcohol. 38 Global Drug Survey also provides bespoke data reports to health and corporate organisations and is beginning to receive funding from universities and other organisations that wish to include survey modules within GDS. Global Drug Survey does not accept money from the alcohol and tobacco industries. The funds GDS raise arise from the value of the data already collected, and as these funds grow, GDS may begin to be able to compensate its core team for its labour in more than just data access. This unique business model has caused some confusion, for example, for consumers of research reports who are used to being able to access them for free. Instead, GDS operates a 'freemium' model, where basic findings are publicly accessible as quickly after data collection as possible while more detailed data reports must be commissioned.
Preparation of the survey
There is a core set of questions GDS uses annually which provide continuity and comparability between different data collection years. As well as monitoring changes in drug trends, GDS includes specialist topics each year addressing areas of current interest identified by an international expert advisory group and the academic network that now spans 22 countries. Unique modules may be proposed by research group partners to rapidly address emerging issues. For example, when the online drug market Silk Road first emerged, the GDS was the first to survey Silk Road users in late 2012 7 and has been at the forefront of surveying users of cryptomarkets in the years since. 39 Through the administration of the 'New Drugs' core module, GDS has authored papers that are the first to recruit large samples of the users of new or emerging substances, including mephedrone, 4 synthetic cannabinoids, 6, 40, 41 the NBOMe series, 42 dimethyltryptamine, 43 nitrous oxide, 44 and methoxetamine. 45, 46 Modules on alcohol and prescription medication use have resulted in papers on alcohol's harm to others 8 and profiles of the prescription medication tramadol. 47, 48 An important aspect of the survey design is participant anonymity. The GDS web site is encrypted, and no internet protocol (IP) addresses are collected meaning that data cannot be matched with specific individuals. Storing IP addresses is not ethically appropriate for a population who report illegal behaviours and therefore values anonymity. 49 The IP addresses can be used by multiple people validly (eg, share houses, university dorms). 50 The GDS offers an option at its completion for participants to provide contacts details, stored separately in an encrypted database, should they give permission for researchers to recontact them for further research opportunities. Missing data are allowed in GDS; rather than forcing respondents to provide an answer to all questions, we have erred on the side of reducing annoyance for the respondent who may wish to skip a section without being forced to answer it. GDS2017 was the first GDS wave to use proprietary survey software, Survey Gizmo, which offers crossplatform accessibility (mobile, tablet, and computer). Prior to GDS2017, GDS waves were written for the web directly via PHP code. Since GDS2014, the survey has been translated into multiple languages; GDS2015, GDS2016, and GDS2017 were available in English and 10 other languages. Participants choose their language on the front page and are then directed to the survey. Translation has relied on the partner organisations in the respective countries providing translations to fragments of text, which were then entered into the survey. As shown in Table 1 , the number of partner countries has grown exponentially over six years.
Before launch, the extended GDS network pilots the survey and provides lists of errors, inconsistencies, and items that lack clarity or reflect unfounded assumptions. This iterative process continues as the survey is improved. Inevitably, some problems are not identified through piloting, and we Box 1. GDS2014 recruitment call.
#GDS2014 'informing change'
Drugs are a funny thing. Lots of people take them, lots of people talk about them -often not knowing much at all about what they are talking about. The media sometimes does a fantastic reporting on drug issues, other times it's just not useful or accurate. Sometimes it's just plain rubbish. Researchers do some interesting stuff but most of it's focused on the harm that drugs cause -not the pleasure they can bring to people's lives. Global Drug Survey hopes to change that. Collaborating with over 20 media partners and host of researchers and harm reduction networks across the world, translated into 10 languages and running with hubs in 17 countries we are about to undertake the biggest survey of everyday drug use (inducing alcohol, tobacco and of course prescription medication -they are drugs too!) that the world, has ever seen. From what would be the perfect cannabis and life after the Silk Road, to what happened when you're caught with drugs or being drug-tested in work place; from nitrous oxide balloons and ecstasy pill testing to value for money and finding out what people do to keep themselves safe while high -this is going to be huge and relevant for people who use drugs, who drink, drop, get high, get low, gets scripts, grow their own or are just curious about the world around them, With a focus on drug policy and the rising tide of new drugs and the internet -if you are interested in drugs help us get the best information out to everyone. Our results will be published exclusively with our global media partners in March and April 2014. Take part in Global Drug Survey 2014 at [link] . Everything is anonymous and confidential.
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Substance Abuse: Research and Treatment always invite participants to contact GDS directly once the survey launches to identify problems, which are either dealt with immediately if possible or recorded to fix for next year. This is another example of adopting community approach and learning from our participants.
Recruiting the participants
Global Drug Survey has become the largest web survey of drug use in the world through its collaboration with some of the world's most well-known global media organisations (see Table 1 ). These partnerships have evolved and increased over the years and once initiated have proved remarkably stable. GDS2017 had media partners in more than 20 countries. The survey typically launches in the second week of November and runs for a period of about six to eight weeks until the end of the year. Our media partners act as hubs, providing initial direct access to our target group. In return for their support, we offer exclusive data reports that are attractive to this group. Successful partnerships between media organisations and GDS involve working together prior to survey launch, determining the drugrelated media topics of interest and the expertise the GDS team can offer. The media pieces that recruit for GDS are typically the result of independent journalism which may be based on backgrounding GDS experts 51, 52 but may also include GDS-written opinion pieces. 53, 54 Stand-alone media content will include advertising for participants and calls for participation within the article text. Although the media partnerships provide direct survey recruitment, secondary recruitment occurs through social media sharing of media partner content that mentions GDS on Facebook, Twitter, reddit, and other web discussion groups, including drug discussion forums. Key members of the GDS network also share this content and motivate participation through their networks with nightlife settings where drug use is over-represented. The GDS network also includes non-governmental organisations and harm reduction groups who also promote the survey to their networks.
The success of recruitment through media stories is heavily influenced by world events that may dominate the media cycle, crowding out the media stories that lead to recruitment of participants to GDS. For example, in November 2015, the Paris bombing occurred during the GDS launch, which hindered recruitment, resulting in the need to extend the recruitment period beyond its usual six to eight weeks (see Table 1 ).
Writing up and disseminating results
Once recruitment is complete, data cleaning and checks are conducted prior to any preliminary analysis. A key validity issue for web surveys is ensuring that participants only complete the survey once. 55 The raw data are screened for duplicate responses that may result from data glitches or respondents completing the survey more than once (either accidentally or intentionally). Duplicate removal is two-staged.
The first stage removes all records that are complete matches; specifically, two or more of records which are completely identical. The second stage removes all records where duplication is present on a series of demographic variables and drug use variables captured in the drug screen module. Demographic variables include the following: age, sex, ethnicity, educational attainment, employment type, income, country, height, weight, clubbing activity, exercise, and standard of living. Drug screen variables include the following: ever, past year, past month, age of first use, and frequency of use. Second and subsequent duplicate records are removed. Because there are no material incentives offered (eg, lotteries, prizes, payments), and because the survey typically takes 15 minutes to one hour to complete (depending on drug experience), we believe it is unlikely that anyone would deliberately complete the survey more than once for personal gain. Other data checks that may result in the removal of cases at this stage include the following: participants reporting the use of a fictitious drug and participants who report no psychoactive drug use at all. Once the number of cases in the data set is finalised, data modules are checked, cross-checked, and cleaned. Questions which should be dependent on an answer to an earlier question are cleaned according to sets of rules; for example, if a respondent reports first trying lysergic acid diethylamide (LSD) through an online drug market but does not report ever use of LSD in the earlier drug screen, the later data are removed to ensure data consistency, given primacy to the accuracy of the earliest response.
Following data cleaning, country reports are produced to a set template. These are distributed confidentially to the media partners of that country. The media partners use the reports to write exclusive stories which are released on a pre-agreed launch date, usually in May or June, or five to six months after data collection ends. 56 This time period ensures that the trends are timely. More detailed analyses are published as academic papers and produced within tailored data reports.
Limitations and strengths
Being a non-probability sample that excludes people who do not use licit and/or illicit psychoactive drugs and who do not use the internet, GDS does not seek to answer questions about population drug use prevalence. Non-response bias, where there are inherent differences between those who participate and those who do not, 17 and volunteer bias, where people are more likely to respond if they are interested in the topic, 57 may both influence the composition of GDS samples. Both of these biases may also affect probability samples, but in theory, such biases can be adjusted for through weightings that are based on knowledge about the people who do not respond. With GDS, we cannot estimate the characteristics of non-responders. It is important to note, however, that weighting probability samples cannot fully account for sampling bias. 15, 17, 34 For example, the data from young men who 7 complete a household survey will be weighted more heavily to make up for the lower participation rates of their cohort, yet the young men who respond are likely to have different characteristics to the young men who do not respond. That is, there are unmeasured confounders. 15 This is one of the reasons why it is highly likely that household surveys underestimate the prevalence of illicit drug use, as the segments of the population that use drugs are less likely to be reached, or if reached, to agree to participate. Stigma has also been shown to influence prevalence estimates from household surveys, as individuals who use drugs become more concerned about admitting to such behaviours, especially to a government-run survey. 58 There may also be underreporting of drug use using face-to-face or telephone survey modes, 59 perhaps due to fear of being identified. Because GDS targets people who use drugs through web recruitment, we access a relatively high proportion of younger respondents who can be difficult to capture on telephone or in face-to-face surveys. So, although the sample is self-selected and may suffer from biases, many of these biases are also present in the socalled 'gold standard' of the household survey, which is increasingly less likely to be able to access the young and mobile populations 17 that are the most likely to have lived experiences of illicit drug use. Another strength comparing GDS with household surveys is the cost. Probability sampling methods are expensive, particularly when rare behaviours are targeted. At a fraction of the cost, GDS can access large numbers of respondents who report relatively rare behaviours. We also have the unique advantage of being able to present the same set of questions in multiple languages, enabling country comparisons. It is difficult to achieve this level of standardisation through pooling data from household surveys from multiple countries, which inevitably use different question wordings.
Part 2 -Testing the Utility of GDS
Given the limitations and strengths of GDS compared with household surveys using probability sampling methods, in this article, we compare the similarities between predicted probabilities of recent (past 12-month) and current (past 30-day) use of cannabis among subsamples of self-reported lifetime cannabis users. The GDS sample used for analysis deliberately excludes people who report no drug use ever (including alcohol), so we would not expect the probabilities of lifetime use to be similar. However, if we find similar patterns of past-year and past-month use within samples reporting lifetime use, we can have greater confidence that the characteristics of those who volunteer to complete the GDS reflect the characteristics of those who volunteer to complete household surveys, conducted in the same locality and within a similar time frame. In this article, we conduct this analysis with cannabis users from Australia, the United States, and Switzerland and report results from a similar analysis on alcohol use in the supplementary appendix.
Method
Global Drug Survey. Global Drug Survey is an annual, international, web survey of drug use which is self-completed, largely by younger individuals, on a self-nominating, anonymous basis. In this article, we employ data from the GDS2014 (see Table 1 column three for more information). In this study, the sample was restricted to respondents living in Australia (N = 5789), the United States (N = 6419), and Switzerland (N = 4971). All respondents reported being 16 years or older. Of the total 16 828 respondents who reported their age from the selected countries, 10 708 (63.6%) were men and 6120 (36.4%) were women. The mean reported age was 34.2 (SD = 13.9) years. The GDS asked participants a range of questions related to the use of alcohol and illicit substances. To assess lifetime and recent alcohol use, all participants were asked whether they had ever used alcohol and whether they had used alcohol in the past 12 months. All GDS participants were also asked whether they had ever used or used in the past year: cannabis/marijuanaherbal-high potency (hydro), cannabis/marijuana -herbalnormal weed (eg, bush weed/pressed), cannabis (resin/hash), and Cannabis oil. Global Drug Survey participants who reported using at least one type of cannabis in the past 12 months are asked 'How many days have you used this type (the type used most commonly) of cannabis in the last month?' This item was recoded into a dichotomous indicator of past-month cannabis use. Participants were coded as '1' on this variable if they reported using cannabis on at least one day in the past month and a '0' if they reported no use in the past 30 days.
National Drug Strategy Household Survey (Australia).
The National Drug Strategy Household Survey (NDSHS) is a national survey conducted by the Australian Institute of Health and Welfare every three years. 60 The 2013 sample comprised 23 855 people aged 12 years or older residing in private residences in Australia. Sampling was conducted via a multi-stage, random approach stratified by geographic area to best provide for national representativeness. The survey was conducted via a self-completion, drop and collect method. Three attempts were made to establish contact with households at drop-off and again at collection. The response rate for in-scope households was 49.1%. Despite careful sampling design and implementation, the NDSHS sample over-represents two-parent families, individuals with higher levels of education, and those not currently employed while under-representing non-English-speaking and highly socio-economically disadvantaged residents.
The NDSHS asks participants to report on their use of a range of substances including alcohol, tobacco, cannabis, and other illicit drugs. To assess lifetime and recent alcohol use, all participants in the NDSHS were asked, 'Have you ever had a full serve of alcohol? For example, a glass of wine, a whole nip of spirits, a glass of beer etc.?'; 'Have you had an alcoholic drink of any kind in the last 12 months?' To assess lifetime and recent use of cannabis, all participants were asked, 'Have you ever used 8 
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Marijuana/Cannabis?'; 'Have you used Marijuana/Cannabis in the last 12 months?'; 'Have you used Marijuana/Cannabis in the last month?' Different forms of cannabis, such as leaf, head, resin, oil, or other, are not clarified until after the above questions are answered. All participants in the sample were also asked standard questions regarding demographic characteristics including current age (in years) and sex.
National Survey on Drug Use and Health (United States).
Data were obtained from the 2013 year of data collection from the National Survey on Drug Use and Health (NSDUH), an ongoing cross-sectional survey of non-institutionalised individuals in the 50 US states and in the District of Columbia. 61 The NSDUH is a nationally representative probability sample of individuals residing in households obtained through four stages. First, census tracts were selected within each state, then segments in each tract were selected, then dwelling, and finally respondents were selected for final sample. Surveys were administered via computer-assisted interviewing and audio computer-assisted self-interviewing. Sampling weights were provided by NSDUH to address unit-level and individual-level non-response and to ensure that estimates are consistent with estimates provided by the US Census Bureau; however, we did not use sampling weights for the following analyses. The (unweighted) interview response rate in 2013 was 76.4%. 62 Participants were asked their sex (ie, male, female) and age. The NSDUH provided pre-coded categorical variables indicating participant age, which we recoded into the following: age 16 to 20, 21 to 25, 26 to 34, 35 to 49, and 50 years and older. Participants were asked about use of alcohol and cannabis ('marijuana'). An alcoholic drink was defined as a can or bottle of beer, a wine cooler, a glass of wine, a shot of liquor, or a mixed drink containing liquor. Participants were notified that having only a sip or two was not defined as having an alcoholic drink. They were then asked whether they had ever, even once, had any type of alcoholic beverage. Among those who reported lifetime use, they were then asked about recency of past use, which were coded as lifetime use, but no use in the past 12 months, 12-month use, but not in the past 30 days, and use within the past 30 days. The same questions were then asked regarding marijuana. Participants were reminded that marijuana is also called pot or grass, and that it is usually smoked in joints or a pipe, and it sometimes comes in food. Hashish ('hash') was also included in this definition and it was noted that hash is usually smoked in a pipe and it also comes in oil form. Among those who reported lifetime use, they were then asked about recency of past use, which were coded as lifetime use, but no use in the past 12 months, 12-month use, but not in the past 30 days, and use within the past 30 days.
Addiction Monitoring in Switzerland (Switzerland).
The Addiction Monitoring in Switzerland (AMIS) is a cross-sectional national survey that has been conducted by the Swiss Federal of Public Health every year from 2011 to 2016. 63 Data were obtained from telephone interviews conducted during a oneyear period starting from July 2013 to June 2014 (wave 6/7). The sample comprised 12 008 Swiss residents aged 15 years or older. Addiction Monitoring in Switzerland uses a dual frame approach to increase representativeness: 91.5% of the calls used landline numbers and sampling was conducted via a multistage, random approach stratified by geographic area to best provide for national representativeness. However, 8.5% of the calls used mobile phone numbers that were generated by random digit dialing. The survey was conducted via a self-completion, drop and collect method. In 2013, people aged 15 to 29 years were intentionally over-represented. Up to 20 attempts within 30 days were made to establish contact with households at drop-off and again at collection. The response rates in 2013 were 55% of landline calls and 15% of mobile phone calls. In 2014, the response rates were 44% and 13%, respectively. The landline interviews were 25 to 30 minutes long, whereas the mobile phone interviews contained just the core questionnaire and were, therefore, shorter (10-15 minutes long). Despite careful sampling design and implementation, the AMIS sample over-represents couple families, individuals with higher levels of education, and those not currently employed while under-representing highly socio-economically disadvantaged residents. Sampling weights were provided by AMIS to address unit-level and individual-level non-response and to ensure that estimates are consistent with estimates provided by the Swiss Population and Households Statistics. The Population and Households Statistics are part of the surveys conducted within the framework of the Federal population census. Sampling weights were not considered for the following analyses.
The AMIS asks participants to report on their use of a range of substances used including alcohol, tobacco, cannabis, and other illicit drugs. The survey language was dependent on the language region and could be German, French, or Italian. To assess lifetime and recent alcohol use, all participants in the AMIS were asked, 'Have you ever had a full serve of alcohol? For example, a glass of wine, a whole nip of spirits, a glass of beer etc.?'; 'How often have you consumed alcoholic drinks such as beer, wine or liquors in the last 12 months?' To assess lifetime and recent use of cannabis, all participants were asked, 'Have you ever used Hash/Marijuana/Cannabis?'; 'Have you used Hash/Marijuana/Cannabis in the last 12 months?'; 'Have you used Hash/Marijuana/Cannabis in the last 30 days?'. Participants were also asked their sex (ie, male, female) and age. Table 2 . Unweighted data for each of the national surveys were used for comparison with GDS respondents. Although it would be correct to weight the data if the intention was to use the survey to estimate population prevalence, in this analysis, we are not interested in prevalence because we cannot estimate prevalence from the GDS. Instead, we are interested in comparing the characteristics of the people who actual complete the household survey with those who complete the non-probability survey (GDS). Predicted probability analyses were conducted using Stata 14. 64 Descriptive statistics are presented in Tables 2 and 3 . Although valid percentages are used throughout, for data transparency, missing data counts are presented in Table 2 . Results of the predicted probability analyses are presented in Figures 1 to 3 . Tables 2 and 3 , the analytic sample from the NDSHS (N = 23 855) comprised 10 624 (44.5%) men and 13 231 (55.5%) women with a mean age of 47.5 (SD: 16.7) years. With respect to cannabis use, 8101 (34.4%) indicated that they had used cannabis in their lifetime, 2174 (26.8% of lifetime users) reported using cannabis in the past 12 months, and 1143 (52.7% of past-year users) reported use in the past month.
Results
Australia. As shown in
A total of 5789 Australians participated in GDS2014. This sample comprised 3479 (61.0%) men and 2223 (39.0%) women with a mean age of 37.13 (SD: 13.1) years. With respect to cannabis use, 4063 (70.2%) reported using cannabis in their lifetime, 2037 (50.1% of lifetime users) reported using cannabis in the past 12 months, and 1379 (67.7% of past-year users) reported using the drug in the past month. Figure 1 presents the age-based predicted probabilities of reporting cannabis use across the lifetime; within the past 12 months and within in the past month by sex for each of the Australian data sets. For both the GDS and the NDSHS data, regardless of age, men are typically more likely to report using cannabis than women: this can be observed for lifetime use and past 12-month use in both data sets. However, the bottom figures show some crossover between the sexes for reported cannabis use in the past month with women at particular ages more likely to report cannabis use compared with men. For the GDS sample, this crossover occurs when the respondents are aged 69 years or older. For the NDSHS sample, this crossover occurs when respondents are aged between 44 and 64 years of age.
For respondents 40 years and above, overall, men and women show similar trends of a decreasing probability of ever using cannabis in their lifetime. Notably, the probability of GDS respondents ever using cannabis is typically higher than the NDSHS sample likely due to the sampling methodology.
Furthermore, younger male respondents (those less than 40 years) in the GDS were more likely to report ever using cannabis compared with their counterparts in the NDSHS sample. The patterns for cannabis use within the past year, from both samples, are much more similar across the ages. For respondents who had used cannabis in the past month, the pattern for women was similar, especially for those between the ages of 25 and 30 years and 55 and 60 years of age. For both data sets, as the age of female respondents increased, so did the probability of using cannabis within the past month. For women more than 55 to 60 years of age, in the GDS sample, the slope indicating the predicted probability of using cannabis in the past month was not as great as observed in the NDSHS sample. By contrast, except for the younger men in the GDS sample (those 30 years of age or less), the patterns were more similar.
Although the probability of ever using cannabis is higher in the GDS sample, once the data sets are restricted to respondents who have used cannabis in their lifetime, the probability of reporting cannabis use in the past year and, in to some degree, the past month is similar across the GDS and the NDSHS samples. Tables 2 and 3 A total of 6419 US residents participated in GDS2014. The US sample of GDS respondents comprised 3846 (61.2%) men and 2439 (38.8%) women. The distribution of respondents was similar across age categories with 18.9% aged 16 to 20 years, 19.8% aged 21 to 25 years, 20.4% aged 26 to 34 years, 20.0% aged 35 to 49 years, and 20.9% aged more than 50 years. With respect to cannabis, 5774 (90.0%) reported that they had used it sometime during their lifetime, 4519 (78.3% of lifetime users) indicated using in the past 12 months, and 3879 (85.8% of past-year users) had used the drug in the past month. Figure 2 presents the age-based predicted probabilities of reporting cannabis use across the lifetime, within the past 12 months, and within the past month by sex for each of the US data sets. For both the GDS and the NSDUH data, regardless of age, men were typically more likely to report using cannabis than women. However, the bottom figures depict some crossover between the sexes for reported cannabis use in the past month for respondents between the ages of 36 to 49 and 50+ years. This is observed in both the GDS and the NSDUH data. In both cases, women were more likely to report cannabis use compared with men.
United States. As presented in
In both the GDS and the NSDUH data, men and women typically show similar trends of a decreasing probability of lifetime and past-year cannabis use with age. Alternately, the probability of cannabis use in the past month among those who reported using cannabis in the past year remains relatively flat across the age categories; although as the age group of women from the NSDUH sample increases, there is a slight increase in the probability of reporting cannabis use in the past month (this is only observed in the GDS data for women 26 to 34 years and older). Although the probability of ever using cannabis is higher in the GDS sample, the probability of using cannabis in the past year 12 Substance Abuse: Research and Treatment among lifetime users, and using within the past month among past-year users, is similar across the GDS and NSDUH data sets. Tables 2 and 3 , the analytic sample from the AMIS (N = 12 008) comprised 5542 (46.2%) men and 6466 (53.8%) women. The greatest proportion of respondents was aged more than 50 years (38.3%) and 20 to 29 years (20.3%). With respect to cannabis, 3465 (28.9%) reported lifetime use, 1057 (30.5% of lifetime users) reported using cannabis in the past year, and 481 (45.5% of past-year users) reported cannabis use in the past month.
Switzerland. As presented in
A total of 4972 Swiss residents participated in GDS2014. The Swiss sample of GDS respondents consisted of 3381 (69.9%) men and 1456 (30.1%) women. The greatest proportion of respondents was aged 20 to 29 years (43.5%) and 30 to 39 years (22.0%). With respect to cannabis use, 3236 (65.1%) reported lifetime use, 2056 (63.5% of lifetime users) reported using cannabis in the past year, and 1599 (77.8% of past-year users) reported using cannabis in the past month. Figure 3 presents the age-based predicted probabilities of reporting cannabis use across the lifetime, within the past 12 months and within the past month by sex for the Swiss data sets. For both the GDS and the AMIS data, regardless of age, men were typically more likely to report using cannabis than women. Only in the GDS, did women report higher prevalence of cannabis use than men for use in the past month. As shown in the GDS figure for past-month use, there is a constant, slightly increasing probability of men reporting use of cannabis within the past month across the age groups. However, for women, the probability of using cannabis within the past month increases substantially between the ages of 20 to 29 years and 40 to 49 years at which point the probability of using cannabis in the past month is greater for women than for men. Barratt et al 
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Overall, men and women show similar trends of a decreasing probability of lifetime and past-year cannabis use with age (especially after 20-29 years of age). Alternately, the probability of reporting cannabis use in the past month among those who reported using cannabis in the past year trends upwards across the age categories.
The probability of reporting cannabis use is similar across the GDS and the AMIS data sets, particularly for those aged more than 20 years. For those who have used cannabis in the past year, the probability of having reported using cannabis in the past month is lower for the AMIS sample. This is likely owing to the small number of participants from Swiss GDS sample who were aged more than 50 years and reported cannabis use in the past year.
Discussion
Although the probability of ever using cannabis is higher in the GDS sample, as would be expected, once the data sets are restricted to respondents who have used cannabis in their lifetime, the probability of reporting cannabis use in the past year and, in to some degree, the past month is similar across the GDS and the equivalent probability samples, across the three countries. That is, we can see in Figures 1 to 3 a decreasing probability of reporting past-year use with age among lifetime users, present across both kinds of samples, and a stable or flatter probability of reporting past-month use with age among past-year users, present across both kinds of samples. These findings give us some confidence that samples of past-year or past-month cannabis users recruited through the GDS do not contain a highly skewed group in terms of their age or their sex. These findings show that the age and sex distribution of those who volunteer to be surveyed about their cannabis use is not vastly different between non-probability and probability samples, across the three countries -Australia, the United States, and Switzerland.
The efficiency of accessing past-month users of cannabis through the GDS is also illustrated in Table 2 . For questions other than prevalence of use in the general population, it is important to access a large and diverse sample. In the case of Australia, the GDS recruited 1379 past-month cannabis users from surveying 5789, compared with 1143 past-month cannabis users from surveying 23 855 via the household survey. In the United States, a greater number of past-month cannabis users was recruited through the probability survey (5664) compared with the GDS (3879), the total sample surveyed by the US probability survey (43 465) was almost seven times the total number surveyed by GDS (6419). In Switzerland, the GDS recruited 1599 past-month cannabis users compared with 481 recruited by the probability sampling. Although it is beyond the scope of this article to estimate the exact cost comparisons, it is clear that the additional costs associated with accessing these past-month cannabis users' samples by probability sampling methods would be considerable. Furthermore, it is unlikely that the level of detail that GDS can obtain would be possible through household surveys, where the time and space needed for extra questions are at such a premium.
With reference to our earlier discussion about representativeness and whether it matters, again, we need to return to the question, 'What kind of inferences do we wish to make from our research?'. 14, 15 The analysis presented in this article provides support for the use of non-probability sampling methods where large samples are collected to find out about a hidden practice or the characteristics of a hidden population for the purposes of understanding these practices or populations in greater depth. Relationships between variables within affected populations and trends over time can be answered, whereas questions about estimating population prevalence cannot. If the people who are reached and choose to complete population-based surveys are not vastly different from the people who are reached and choose to complete non-probability surveys, we can have greater confidence in employing methodologies such as GDS. Further work of this kind should be conducted, for example, looking at characteristics of populations of novel substance users reached by probability vs non-probability sampling. Such work is dependent on probability-based surveys including the relevant variables for comparison.
Limitations
There are several limitations of the analyses presented in this article. First, the use of age categories in the NSDUH and AMIS prevented a more nuanced probability analysis as was conducted with the Australian data. Furthermore, as the GDS tends to attract younger participants, the number of GDS respondents in the age 50+ years category who recently used cannabis was small. This was particularly the case in the Swiss sample. We also recognise that differences in the method of survey administration (eg, GDS uses a web interface, NDSHS uses drop and collect, NSDUH uses computer-assisted personal interviewing, and AMIS is conducted through landline and mobile telephone) and wording of survey items may influence participants' responses to questions about drug use. For example, while the NSDUH refers to marijuana, the GDS asks participants about cannabis. Furthermore, while the NDSHS asks participants whether they have used cannabis in the past month, the GDS asks how many days in the past month participants have used. To minimise the effect of differences in survey item wording, we have focused on cannabis, a relatively common substance that would be familiar to most participants, and have limited the analysis to examine dichotomous indicators of cannabis use.
In terms of the GDS methodology, no method for mapping and understanding drug use patterns is without limitations. Increasingly, it is accepted that triangulation of data sources is needed to best represent the 'dynamic epidemiology' that characterises drug use patterns across the world. 65 Data can be gleaned from waste water analyses, sentinel populations, police seizures, treatment services, toxicology services, border control or customs, harm reduction services in nightlife settings (including drug checking or testing data), as well as surveys of general and targeted populations. What is required is the time and capacity to synthesise these diverse data sources into the most robust and valid picture of drug use within our communities. Global Drug Survey provides one part of this complex picture and therefore should not be understood and interpreted in isolation. In addition to the need for triangulation, there are improvements that GDS can make in its procedures to be more inclusive. For example, we could recruit booster samples from groups less well represented (eg, women, those from non-white backgrounds) by partnering with more focused media groups and improving utilisation of targeted social media recruitment. The aim is to increase the knowledge base about the drug use patterns and behaviours associated with these cohorts to allow further segmentation of drug-using populations to inform both public policy and health promotion. We could also implement more standardised procedures around translation, including back translation (eg, translation from English, to Spanish, and then back to English), to better ensure validity of measures across our languages. Another limitation of GDS is that dropout rates have typically not been tracked; that is, we are unable to calculate the difference between the number of respondents who began participating versus those who completed participation.
Conclusions
In this article, we have assessed the utility of GDS to recruit samples of cannabis users with similar age and sex characteristics to those produced by probability sampling. With cannabis being the most commonly reported illegal drug globally, we find similar age-based predicted probabilities of recent and regular cannabis use compared with equivalent household surveys, across three separate country comparisons. Unfortunately, it is not possible to conduct the same comparisons for the distributions of novel drugs because they are typically not measured in household surveys until many years after their emergence. However, the similar patterns among cannabis users give us greater confidence to the capacity of the GDS to produce samples of sufficient diversity to provide useful and meaningful results while offering a depth of content analyses that is unlikely from general household surveys, with their expense and time constraints. This article provides the necessary level of procedural detail on the GDS methodology to complement the interpretation of our results-oriented papers. It answers the questions raised by many of those who have reviewed our papers. We hope that, along with other publications led by the first author, 22, 25, 49, 66, 67 this article helps to demystify the conduct of internet research with groups that are understandably suspicious of researchers, who have historically misrepresented their issues and perpetuated, rather than challenged, stereotypes of drug use and drug users. We conclude that opt-in web surveys of hard-to-reach populations are an efficient way of gaining in-depth understanding of stigmatised 16 Substance Abuse: Research and Treatment behaviours, and are appropriate, as long as they are not used to estimate drug use prevalence of the general population.
